RECONFIGURABLE CLAMPING SYSTEM 

10 Inventor 

John A. Baumann 

Field of the Invention 
This invention relates generally to clamping and, more specifically, to clamping 
during manufacturing operations. 

1 5 Background of the Invention 

During manufacturing work such as machining, routing, cutting, and welding, the 
work piece is often held by clamps when a manufacturing tool engages it. Such clamps 
include bar clamps, C-clamps, vises, and other clamping tools. In manufacturing operations 
where a tool engages the work piece with some force, clamping at fixed or distanced 

20 locations may not be sufficient to hold the work piece in position. There may be a distance 
between the manufacturing tool and the implied clamp or clamps. Further, clamping may not 
be engaged in those areas near the tool as it engages the work piece. 

In friction stir welding, a process that plastically bonds metals, plunging the friction 
stir welding tool into a weld line of a work piece and moving the tool along the weld line can 

25 push the parts of the work piece being welded away from the underlying structure, or away 
from each other. Accordingly, there is an unmet need for clamping systems that can engage 
a work piece along a working area for a manufacturing tool. 

Summary of the Invention 

The present invention is directed to an apparatus and methods for clamping along a 
30 work piece. In one embodiment, a clamping system includes a plurality of force applying 
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units each including a plunger to apply clamping force to the work piece. A plurality of 
coupling units are linked with the force applying units forming a chain of force applying 
units and coupling units. In another aspect of the invention, the coupling units include a 
lockable pivot adapted to pivot to conform the chain to the surface of the work piece when 
5 unlocked, and adapted to be locked when at least one of the plurality of force applying units 
applies clamping force to the work piece. In accordance with other aspects of the invention, 
the clamping system includes multi-axis pivot units coupled in a chain with the force 
applying units. In another embodiment, the system includes length adjusting units. 

Brief Description of the Drawings 

10 The preferred and alternative embodiments of the present invention are described in 

detail below with reference to the following drawings. 

FIGURE 1 is a side view of an exemplary clamp system engaged with a workpiece in 
accordance with an embodiment of the present invention; 

FIGURE 2A is a side view of an exemplary force applying unit in accordance with an 
15 embodiment of the present invention in a relaxed configuration; 

FIGURE 2B is a side view of the exemplary force applying unit of FIGURE 2A in a 
clamping configuration; 

FIGURE 3A is a top view of an exemplary coupling unit in accordance with an 
embodiment of the present invention; 
20 FIGURE 3B is a side view of the exemplary coupling unit of FIGURE 3 A; 

FIGURE 4 is a side view of an exemplary clamping system with length adjusting 
units in accordance with another embodiment of the present invention; 

FIGURE 5A is an isometric view of an exemplary multi-axis clamping system in 
accordance with yet another embodiment of the present invention; 
25 FIGURE 5B is an end view of the exemplary multi-axis clamping system of FIGURE 

5A; 

FIGURE 6A is a top view of an exemplary multi-axis coupling unit of the multi-axis 
clamping system of FIGURE 5 A in accordance with an embodiment of the present invention; 
FIGURE 6B is a side view of the exemplary multi-axis coupling unit of FIGURE 6 A; 
30 FIGURE 7 is a side view of an exemplary cantilevered clamping system in 

accordance with another alternate embodiment of the present invention; 

FIGURE 8 is a side view of an exemplary non-locking clamping system engaged with 
a work piece in accordance with a further alternate embodiment of the present invention; and 
FIGURE 9 is a flow chart of an exemplary method of clamping in accordance with 
35 another embodiment of the present invention. 
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The present invention relates to an apparatus and methods for clamping. Many 
specific details of certain embodiments of the invention are set forth in the following 
description and in FIGURES 1-9 to provide a thorough understanding of such embodiments. 
One skilled in the art, however, will understand that the present invention may have 
additional embodiments, or that the present invention may be practiced without several of the 
details described in the following description. 

FIGURE 1 shows an exemplary clamping system 25 in position over a work piece 10 
in accordance with an embodiment of the present invention. The work piece 10 includes a 
frame 14 with a skin 12 being fastened to the frame. The frame is held on a crib 16 that 
supports the work piece 10 during the manufacturing process such as machining, routing, 
cutting, or welding. It will be appreciated that multiple clamping systems 25 of the present 
invention may be utilized simultaneously on a work piece 10. 

In this exemplary embodiment, the clamping system 25 includes a chain 26 of force 
applying units 40 and coupling units 30. The chain 26 is attached through end supports 22 to 
secure anchors 20. The anchors 20 hold the chain 26 in place when the force applying units 
40 apply a clamping force to the work piece 10. In this example embodiment, the force 
applying units 40 hold the skin 12 against the frame 14 of the work piece 10 during the 
manufacturing operation (not shown). The chain 26 of force applying units 40 and coupling 
units 30 spans the work piece 10. The chain 26 is anchored at its ends by the end supports 22 
attached to anchors 20. In this example embodiment, the chain 26 of the clamping system 25 
includes eight coupling units 30, and seven force applying units 30 in a sequence as follows: 
end support 22/coupling unit 30/force applying unit 40/coupling unit 30/force applying unit 
40/coupling unit 30/force applying unit 40/coupling unit 30/force applying unit 40/coupling 
unit 30/force applying unit 40/coupling unit 30/force applying unit 40/coupling unit 30/force 
applying unit 40/coupling unit 30/end support 22. 

By way of example and not limitation, the coupling units 30 include lockable pivots 
32 permitting the chain 26 of coupling units 30 and force applying units 40 to be flexible and 
drape over the work piece 10 when the coupling units 30 are unlocked, but to form a rigid 
chain 26 when the coupling units 30 are locked. The force applying units 40 include 
plungers 42 that apply clamping force to the work piece 10 when activated. While the 
coupling units 30 and the force applying units 40 in this exemplary chain 26 alternate 
between force applying units 40 and coupling units 30, it will be appreciated that coupling 
units 30 may be attached directly to each other in sequence, as may force applying units 40. 
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By way of example, a chain 26 may be assembled in a sequence such as: coupling unit 
30/coupling unit 30/force applying unit 40/force applying unit 40/coupling unit 30/coupling 
unit 30/force applying unit 40/coupling unit 30, etc. 

It will be appreciated that the coupling units 30 and the force applying units 40 may 
5 be hand operated, or may be automated or externally powered. By way of example and not 
limitation, the coupling units 30 may lock with a hand twist or a bolt and nut, or may lock 
through a mechanism such as a solenoid. The force applying units 40 may include threaded 
plungers similar to the moving part of a C-clamp, or may be externally powered, such as 
electrically through solenoids, or hydraulically or pneumatically through pistons. In the 

10 example embodiment shown in FIGURE 1, the force applying units 40 and the coupling units 
30 are electrically powered. Power to each of the coupling units 30 and the force applying 
units 40 is provided through a wiring harness 38 linked to a controller 60. The controller 60 
suitably causes the coupling uniis 30 to lock and unlock and the force applying units 40 to 
apply clamping force or be relaxed. 

15 It will be appreciated that in operation the chain 26 of the clamping system 25 of the 

present invention suitably may be draped over the work piece 10 with the coupling units 30 
unlocked, allowing the chain 26 to at least partially conform to the surface contours of the 
work piece 10. The coupling units 30 may then be locked, and the force applying units 40 
engaged with their plungers 40 to apply a clamping force to the work piece 10. 

20 Manufacturing may then proceed, in this example with the skin 12 held firmly in place 
against the frame 14 of the work piece 10 during manufacturing. 

FIGURE 2A is an enlarged side view of an exemplary force applying unit 40 attached 
between two coupling units 30 of the clamping system 25 of FIGURE 1 in accordance with 
an embodiment of the present invention. The balance of the chain of coupling units 30 and 

25 force applying units 40 is not shown in FIGURE 2A. The force applying unit 40 includes a 
body 44 to which the plunger 42 is movably linked. In FIGURE 2A, the plunger 42 is shown 
in a withdrawn or relaxed position with the plunger 42 withdrawn at least partially up into the 
body 44. In this configuration, the plunger 42 would not be applying clamping force to a 
work piece (not shown). 

30 Coupling units 30 are attached to the force applying unit 40 on each side of the force 

applying unit 40. The coupling units 30 include a lockable pivot 32 situated between a first 
arm and a second arm 33. The lockable pivot 32 permits the first arm 3 1 to bend with respect 
to the second arm 33 like an elbow, and then be locked into position. The arms 31 and 33 of 
the coupling unit 30 are attached to this example embodiment to the body 44 of the coupling 

35 unit 40, forming a chain of coupling units 30 and force applying units 40, such as that shown 
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in FIGURE 1. It will be appreciated that during manufacture and configuration of the 
clamping system 25 that the two arms 31 and 33 of the coupling unit 30 may be detachable 
from the adjoining force applying units 40, or part or all of the coupling unit 30 suitably may 
be unitized into force activating units 40, or vice versa. 
5 In FIGURE 2B, the force applying unit 40 of FIGURE 2A is shown in a clamping 

position. In this position, the plunger 42 of the force applying unit 40 is advanced by a 
distance A away from the body 44, thus applying a clamping force f to a work piece (not 
shown). The force applying unit 40 is held in place in the chain by its adjoining coupling 
units 30 and the balance of the chain which is attached to fixed supports (FIGURE 1). While 

10 in many applications it is advantageous that the coupling units 30 be lockable, it will be 
appreciated that, as described more fully below with reference to FIGURE 8, the coupling 
units 30 may suitably not be locked or lockable. 

Turning to FIGURE 3 A, a top view of an exemplary locking coupling unit 30 that can 
bend like an elbow is shown. The coupling unit 30 is an exemplary coupling unit 30 such as 

15 that shown in FIGURES 1, 2A and 2B for use in chains including force applying units. In 
this embodiment, the coupling unit 30 includes a first arm 31 and a second arm 33 linked by 
a pivot 32. The pivot 32 permits the first arm 31 and the second arm 33 to bend with respect 
to each other like an elbow with the pivot 32 forming the joint of the elbow. In this 
embodiment, the first arm 31 and the second arm 33 include interlocking teeth 37 that when 

20 clamped together lock the coupling unit 30 at a desired angle between the first arm 31 and 
the second arm 33 at the pivot 32. In this example, the pivot 32 further includes a locking 
solenoid 35 that when engaged through a wiring harness 38 holds the interlocking teeth 37 of 
the first arm 31 and the second arm 33 together, locking the pivot 32. When the locking 
solenoid 35 is not engaged, the interlocking teeth 37 of the first arm 31 and the second arm 

25 33 may move apart (not shown) and the coupling unit 30 is free to pivot around its pivot 
point 32. It will be appreciated that electrical, hydraulic, pneumatic or other means suitably 
may be used to lock the pivot 32 when powered locking of the pivot is desired. 

FIGURE 3B is a side view of the coupling unit 30 as described with reference to 
FIGURE 3 A above. In this side view, the interlocking teeth 37 of the first arm 31 and the 

30 second arm 33 suitably radially surround the pivot 32 at the junction between the first arm 31 
and the second arm 33. Thus, when the interlocking teeth 37 are engaged, an angle a between 
the first arm 31 and the second arm 33 is fixed, and when the interlocking teeth 37 are not 
engaged, the first arm 31 and the second arm 33 may pivot around the pivot 32 and the angle 
a between the first arm 31 and the second arm 33 may change. This allows a chain 26 of 

35 force applying units 40 and coupling units 30 of the present invention to conform to the 
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surface of a work piece prior to the coupling units 30 being locked and the force applying 
units 40 engaged. 

In FIGURE 4, an alternate embodiment of a clamping system 27 with length 
adjusting units 50 is shown in side view. The clamping system 27 forms a chain 28 that 
5 includes length adjusting units 50, coupling units 30, and force applying units 40. The 
coupling units 30 and the force applying units 40 are as described above in reference to 
FIGURES 1 through 3 above. The chain 28 of the clamping system 27 in this example 
embodiment includes the following sequence of units: end unit 22/coupling unit 30/length 
adjusting unit 50/coupling unit 30/force applying unit 40/coupling unit 30/force applying unit 

10 40/coupling unit 30/length adjusting unit 50/coupling unit 30/end unit 22. The end units 22 
suitably fasten a chain 28 to secure anchors (as shown in FIGURE 1). 

The length adjusting units 50 suitably allow the chain 28 to be adjusted in length, and 
allow distances between units in the chain to be adjusted, as appropriate for a particular 
clamping application. In this example, the length adjusting units 50 include a first sleeve 51 

15 sliding within a second sleeve 53. The second sleeve 53 can be extended from or retracted 
within the first sleeve 51 to vary the length / between the two ends 54 of the length adjusting 
unit 50. Varying the length / between the ends 54 of the length adjusting unit 50 suitably 
allows the length of the chain 28 to be changed. 

By way of example, but not limitation, the position of the second sleeve 53 within the 

20 first sleeve 51 is adjustably controlled by a turnbuckle 52. The turnbuckle 52 adjustably 
links the first sleeve 51 and the second sleeve 53. The turnbuckle 52 is suitably enclosed 
within the first sleeve 51 and the second sleeve 53 forming a compact length adjusting unit 
50. It will be appreciated that the turnbuckle 52 may be manually operated or may be 
externally powered to change the length / of the length adjusting unit. 

25 The clamping system of the present invention suitably may be utilized to clamp 

complex shaped surfaces. For example, as shown in FIGURE 5A, an exemplary clamping 
system 125 in accordance with another embodiment of the invention includes multi-axis 
couplers 130 that permit pivoting and rotation along multiple axes. FIGURE 5 A shows a 
chain 127 of the clamping system 125 including a plurality of multi-axis coupling units 130 

30 and a plurality of force applying units 140. The force applying units 140 include plungers (or 
force applying members) 142 that may apply clamping force to a work piece (not shown) as 
described with reference to FIGURES 1, 2 A, and 2B, above. This chain 127, by way of 
example and not limitation, is suitably an alternating chain of multi-axis coupling units 130 
and force applying units 140. 
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In FIGURE 5 A, the chain 127 is shown isometrically with the chain 127 aligned 
generally along an x-axis. As further shown in this figure, the y-axis runs left to right and 
the z-axis runs up and down. The chain 27 including multi-axis coupling units 130 may be 
pivoted in several directions, such as rotation around the x-axis and bending in the xz plane. 
5 The chain 127 can thus apply a clamping force at points along the chain 127 in complex line 
that suitably weaves through 3-space and includes translations and rotations. In this 
example, the chain 127 includes force applying units 140 with some of the force applying 
units 140 aligned with their plungers 142 in the z-direction, while other of the force applying 
units 140 are rotated around the x-axis so their plungers 142 apply forces that may include a 
10 y-component and a z-component. 

FIGURE 5B is an end view of a segment of the chain 127 of FIGURE 5 A, as viewed 
along the x-axis. Two force applying units 140 are shown, one with its plunger 142 aligned 
in the z direction, and a second force applying unit 140 behind the first one with its plunger 
142 angled to apply a force approximately 45 degrees off of the z-axis. Thus, force may be 
15 applied diagonally by rotation of the force applying unit 140 around the x-axis relative to the 
other force applying unit 140 in the chain 127. 

FIGURE 6 A shows an exemplary multi-axis coupling unit 130 of FIGURE 5 A in 
accordance with another embodiment of the invention. The coupling unit 130 is attached to 
two force applying units 140 (each only partially shown). The coupling unit 130 includes a 
20 first arm 131 and a second arm 133 that are linked to a ball pivot 132. The ball pivot 132, by 
way of example and not limitation, includes a knurled ball which is gripped by the first arm 

131 and gripped separately by the second arm 133. This permits the arms 131 and 133 to 
pivot and rotate with respect to one another, and then to lock in place when they are locked 
firmly against the knurled ball forming the pivot ball 132. Teeth or contours (not shown) in 

25 the first arm 131 and in the second arm 133 may grip the pivot ball 132 when the coupling 
unit 130 is locked, and may at least partially release it when the coupling unit 130 is released. 
When the coupling unit is released, the first arm 131 and the second arm 133 may bend and 
pivot with respect to one another. 

In this example, the first arm 131 and the second arm 133 are assembled in two parts 

30 that grip opposite sides of the ball pivot 132. The first arm 131 and the second arm 133 each 
include two pincers 138 that grasp the pivot ball 132 like two offset pairs of tweezers used to 
simultaneously grasp a ball bearing from different directions. In this example embodiment 
the pincers 138 of the first arm 131 and the second arm 133 are locked against the pivot ball 

132 by a locking mechanisms 135 that alternately lock and unlock, permitting pivoting and 
35 rotation of the arms 131 and 133 around the pivot ball 132. As a result, adjoining force 
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applying units 140 attached to the coupling unit may be pivoted or rotated with respect each 
other on a multitude of axes. 

The locking mechanisms 135 in this example embodiment suitably include one or 
more electric solenoids that hold the pincers 138 together against the pivot ball 132 when 
5 activated, and release the knurled ball 132 from the pincers 138 when disengaged. The 
locking unit 135 is suitably driven from an external power source through a wiring harness 
138 to a controller (not shown). It will be appreciated that in this embodiment the locking 
unit 135 applies a locking force to the pincers 138 in much the same manner as one's thumb 
and forefingers apply force to a pair of tweezers holding the tweezer pincers closed around 
10 an object. 

FIGURE 6B is a side view of the multi-axis coupling unit 130 of FIGURE 6A and 
FIGURES 5 A and 5B. In this example embodiment, the first arm 131 and the second arm 
133 of the coupling unit 130 on alternate sides of the pivot ball 132 are symmetrical. Thus, 
this FIGURE 6B appears as a rotation of FIGURE 6A. In FIGURE 6B, pincers 138 of the 

15 second arm 133 grasp the top and bottom of the pivot ball 132. The pincers 138 of the first 
arm 131 grasp the pivot ball 132 towards the viewer and away from the viewer (not shown) 
in this side view without overlapping the pincers 138 of the second arm 133. 

It will be appreciated that clamping systems in accordance with the present invention 
can be configured in a variety of ways. An alternate embodiment of a clamping system 225 

20 of the present invention is shown in FIGURE 7 cantilevered from a single fixed support 220. 
It will be appreciated that depending upon the clamping force appropriate for the 
manufacturing operation requiring clamping, a chain of the present invention such as the 
chain 226 in FIGURE 7 suitably may be anchored only on one end. This chain 226 includes 
an end unit 222 rigidly attached to a fixed anchor 220. The chain 226 is suitably cantilevered 

25 from that end unit 222 when the coupling units 230 of the chain 226 are locked. In this 
exemplary chain, the sequence of units is as follows: end unit 222/coupling unit 230/force 
applying unit 240/force applying unit 240/coupling unit 230/coupling unit 230/force applying 
unit 240/force applying unit 240. It will be appreciated that a chain of the present invention, 
such as the chain 226 shown in FIGURE 7, suitably may have force applying units 240 next 

30 to force applying units 240, and coupling units 230 next to coupling units 230, in lieu of or 
with alternating coupling units 230 and force applying units 240. The clamping system 225 
suitably may apply clamping force to a work piece (not shown) by the work piece being 
brought next to the chain 226 or vice versa. As described above, the coupling units 230 may 
be relaxed to conform the chain 226 to the contours of the work piece (not shown). The 
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coupling units 230 may then be locked, and the force applying units 240 activated to apply 
clamping force to the work piece. 

FIGURE 8 shows a clamping system 325 in accordance with a further embodiment of 
the present invention. The clamping system 325 includes a chain 326 of force applying units 
5 340, a locking coupling unit 330, and non-locking pivots 370. The chain 326 of this 
clamping system 325 is attached at the two ends of the chain 326 through end units 322 to 
secure supports 320. It will be appreciated that, when the chain 326 is draped over a convex 
shaped work piece 110 such as shown in FIGURE 8 and maintained in tension, non-locking 
pivots 370 suitably may be utilized with force applying units 340 to apply clamping force to 
10 the work piece 10. It will also be appreciated that a chain suitably may apply clamping force 
to a work piece with a mix of concave and convex surfaces without all coupling units being 
locked or lockable if the chain is held in tension over the work piece and the coupling units 
of the chain over concave surfaces are locked. Thus, by way of example and not limitation, 
the chain 326 of FIGURE 8 includes a mixture of locking coupling units 330 and non- 
15 locking pivots 370 interspersed with force applying units 340. The chain 326 of FIGURE 8 
from end to end includes the following units: end unit 322/pivot 370/force applying unit 
340/locking coupling unit 330/force applying unit 340/pivot 370/force applying unit 
340/pivot 370/locking unit 340/pivot 370/locking unit 340/pivot 370/end unit 322. 

The pivot units 370 suitably include a first arm 371 and a second arm 373 with a non- 
20 locking pivot 372 between the two. These units thus freely pivot as the chain 326 is draped 
over a work piece 110 and held in tension when the force applying units are activated 
applying clamping force to the work piece. Thus, the chain 326 with a mixture of locking 
coupling units 330 and non-locking pivots 370 can suitably hold a skin 110 against the 
underlying frame 114 on a work piece 110 during a manufacturing operation without all of 
25 the coupling units 330 or pivots 370 locking. 

FIGURE 9 is a flow chart of an exemplary method of clamping 400 in accordance 
with yet another embodiment of the present invention. At a block 410, the chain of a 
clamping system of the present invention may be draped or otherwise positioned proximate a 
work piece such that at least some of the force applying units of the chain are engageable 
30 with the work piece. Next, at a block 420, the coupling units of the chain are locked. It will 
appreciated that step 420 may be omitted as to some or all the coupling units, depending 
upon the shape and configuration of the work piece, if the chain is held in tension over the 
work piece, as described above with reference to FIGURE 8. Next, at a block 430, the force 
applying units may be activated such that a clamping force is applied to the work piece. 
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Then at a block 440, the manufacturing tool may be engaged with the work piece to perform 
a manufacturing operation. 

While the preferred embodiment of the invention has been illustrated and described, 
as noted above, many changes can be made without departing from the spirit and scope of the 
5 invention. Accordingly, the scope of the invention is not limited by the disclosure of the 
preferred embodiment. Instead, the invention should be determined entirely by reference to 
the claims that follow. 
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